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ELASTOMER COMPOSITION AND TIRE
USING THE ELASTOMER COMPOSITION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International Appli-
cation No. PCT/JIP2009/060631 filed Jun. 10, 2009, claiming

priority based on Japanese Patent Application Nos. 2008-
159496 filed Jun. 18, 2009, 2008-158940 filed Jun. 18, 2008,
2008-159330 filed Jun. 18, 2008 and 2008-280030 filed Oct.
30, 2008, the contents of all of which are incorporated herein
by reference 1n their entirety.

TECHNICAL FIELD

The invention relates to an elastomer composition using a
reduced amount of an elastomer component and a tire using,
the elastomer composition.

BACKGROUND ART

An elastomer composition such as a rubber composition
used 1n tires and the like contains a large amount of an elas-
tomer component (rubber, etc.) as a raw maternial, and for
example 1 the case of a pneumatic tire for passenger cars
using a rubber composition, a rubber component containing,
natural rubber and synthetic rubber constitutes 50 mass % or
more of the rubber composition. Therefore, such a rubber
composition and a tire using the rubber composition are liable
to be atfected by a steep rise 1n o1l price, poor crop of rubber
due to bad weather and the like, leading to increase 1n raw
material cost and difficulty in stable supply of the products.

Moreover, as the global trend has been to place greater
importance on environmental 1ssues 1n recent years, particu-
larly from the perspective of prevention of global warming,
regulations on CO, emission are tightened, reduction in the
usage ol o1l resources 1s required, and establishment of
resource recycling society 1s also required.

Therefore, 1n order to reduce the usage of o1l resources in
producing tires, a so-called eco tire 1n which raw materials
comprising non-o1l resources constitute 75 weight % or more
of the total weight 1s disclosed 1n JP-A-2003-063206, for

example.

SUMMARY OF THE INVENTION

However, 1n the elastomer composition and the tire of the
above conventional technology, although the usage of oil
resources can be reduced, since the production process could
be complicated and the unit price of alternative raw materials
for o1l resources could be expensive, the production cost
could not have necessarily been reduced.

Moreover, the alternative raw materials had a possibility of
improvement and choice from the perspectives ol process
energy required for the use (e.g., energy required for fractur-
ing the alternative raw materials) and high availability of the
alternative raw materials themselves as fuels, resources and
the like.

It 1s, therefore, an object of the mnvention to advantageously
solve the above problems, and an elastomer composition of
the invention 1s characterized 1n containing residuum gener-
ated 1n a fermentative treatment of an organic matter in an
clastomer component. By containing residuum remaining
alter the use of resources such as residuum generated 1n a
fermentative treatment of an organic matter as above, 1t 1s
possible to reduce the usage of an elastomer component in an
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clastomer composition. Moreover, the residuum generated 1n
a fermentative treatment of an organic matter, which 1s cheap
remnant, 1s suitable as an alternative raw material. Therefore,
by containing the residuum in an elastomer composition, 1t 1s
possible to provide an elastomer composition at a low price
and with low environmental load. Furthermore, residuum
alter a fermentative treatment also has an advantage of being
casy to handle, because the majority of putrefaction factors
such as protein and lipid 1s degraded during the fermentative
treatment. In addition, fermentation of an organic matter is a
concept meanmng biodegradation of an organic matter, includ-
ing both anaerobic fermentation and aerobic fermentation
and also 1including degradation of sugars.

Here, 1n the elastomer composition of the invention, the
above organic matter 1s preferably biomass. Thus by using
biomass as a regenerable organic resource of biological ori-
gin, 1t 1s possible to further reduce environmental load 1n
producing an elastomer composition.

In the elastomer composition of the mvention, the above
fermentative treatment 1s preferably an anaerobic fermenta-
tive treatment using anaerobic microbes. It 1s because by
containing residuum after an anaerobic fermentative treat-
ment 1 an elastomer component, the usage of oil-derived
clastomer such as synthetic rubber can be reduced. Addition-
ally, residduum generated by an anaerobic fermentative treat-
ment 1s preferably contained after smoke treatment to be
heremnafter described 1n detail. It 1s because by conducting
smoke treatment, 1t 1s possible to contain residuum 1n a des-
ulfurized (deodorized) and sterilized state of being easy to
handle 1n an elastomer component.

Here, the above anaerobic fermentative treatment 1s pred-
crably a methane fermentative treatment, an ethanol fermen-
tative treatment or a hydrogen fermentative treatment, or a
combination thereof. It 1s because by using residuum after
clfectively extracting fuels and the like from resources by
means of a methane fermentative treatment, an ethanol fer-
mentative treatment or a hydrogen fermentative treatment,
reduction 1n environmental load as well as efiective use of
resources can be attempted without going through unneces-
sary steps before being contained 1n an elastomer component.

Additionally, 1n the elastomer composition of the mven-
tion, the above fermentative treatment 1s preferably an aero-
bic fermentative treatment using aerobic microbes. It 1s
because by using residuum after an aerobic fermentative
treatment with few odors, 1t 1s possible to make a deodoriza-
tion treatment upon being contained unnecessary.

Also, 1n the elastomer composition of the invention, a
diameter of the above residuum 1s preferably 0.02 um to 200
um, and when the residuum aggregates to be a mass, the mass
s1ze 1s preferably 0.5 um to 2 mm. It 1s because an operation
of fracturing cell walls by using a grinder mill 1s required so
as to make a diameter of residuum less than 0.02 um, and also
fine residuum 1s difficult to handle. Moreover, it 1s because
when the diameter 1s more than 200 um or the mass size 1s
more than 2 mm, the dispersibility 1n an elastomer component
deteriorates, resulting in extraneous materials, which lead
deterioration 1n physical property such as breaking elonga-
tion. In addition, a diameter and a mass size are obtained {from
particle size measurement by laser diffraction (JISZ8825-1),
and are values obtained by measuring an average of long
axis—short axis of residuum etc. (considered to be 1n a spheri-
cal form) in the method using laser diffraction.

Also, 1n the elastomer composition of the mvention, the
above residuum 1s preferably residuum generated 1n a fer-
mentative treatment of an organic matter using fermentation
microorganisms, and containing cell walls of the fermenta-
tion microorganisms. It 1s because since residuum such as
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excess sludge generated 1n a fermentative treatment, which 1s
waste with low availability existing 1n a large amount, 1s at a
low price, and does not require any complicated steps or
considerable process energy upon being contained, 1t 1s suit-
able as an alternative raw material for an elastomer compo-
nent (an extender of an elastomer composition).

Here, 1n the elastomer composition of the invention, amain
component of the above residuum 1s preferably peptidogly-
can. It 1s because by containing residuum having peptidogly-
can with less influence on an elastomer composition upon
being contained as a main component, 1t 1s possible to reduce
the usage of an elastomer component without deteriorating,
performance of an elastomer composition. Here, a main com-
ponent of residuum means a main one of components consti-
tuting residuum, for example, a component constituting more
than 50 mass % of residuum.

In the elastomer composition of the mvention, the above
residuum 1s preferably contained in the above elastomer com-
ponent alter being subjected to smoke treatment or carbon-
ization treatment. Here, smoke treatment means smoking
residuum with smoke generated 1n heating wood and the like.
It 1s because by conducting smoke treatment, 1t 1s possible to
contain residuum 1n a desulturized (deodorized) and steril-
1zed state of being easy to handle 1n an elastomer component.
Also, carbonization treatment means carbonizing residuum at
a temperature about 800° C. by using a carbonization furnace.

In the elastomer composition of the invention, a diameter
of the above residuum 1s preterably 0.02 to 50 um. Residuum
with a diameter of less than 0.02 um 1s difficult to handle, and
residuum with a diameter of more than 350 um is poor in
dispersibility 1n an elastomer component. In addition, a diam-
cter 1s obtained from particle size measurement by laser dii-
fraction (JISZ8825-1), and 1s a value obtained by measuring
an average of long axis—short axis of residuum (considered to
be 1n a spherical form) in the method using laser difiraction.

Also, 1 the elastomer composition of the invention, the
above residuum 1s preferably residuum generated 1n a fer-
mentative treatment of an organic matter containing at least
one of plant cell walls and short fibers of the plant cell walls
in chains, and containing at least one of the plant cell walls
and short fibers. It 1s because since residuum containing at
least one of plant cell walls and short fibers 1s at a low price
and 1s capable of reducing the amount of waste by being
contained 1n an elastomer composition, 1t 1s suitable as an
alternative raw material for an elastomer component (an
extender of an elastomer composition, etc.).

Here, 1n the elastomer composition of the mvention, the
above residuum preferably comprises at least one of cellulose
particles and hemicellulose particles as a main component of
the above plant cell walls. It 1s because cellulose particles and
hemicellulose particles are suitable as alternative raw mate-
rials 1 point of good dispersibility and not having a bad
influence on the performance of an elastomer composition.
Moreover, 1t 1s because there 1s also the effect of being able to
reduce the usage of oil-denived elastomer. Furthermore, it 1s
because by containing at least one of cellulose particles and
hemicellulose particles as simple substances 1n an elastomer
composition, cellulose particles and hemicellulose particles
act as micro drainages. Therefore, by using an elastomer
composition containing at least one of cellulose particles and
hemicellulose particles 1 winter tires for example, perfor-
mance ol winter tires (on-ice performance, etc.) can be
improved. Also, a diameter of the above cellulose particles
and hemicellulose particles 1s preferably 0.02 um to 50 um. It
1s because they are difficult to handle when the diameter 1s
less than 0.02 um, and they are poor in dispersibility in an
clastomer component when the diameter 1s more than 50 um.
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In addition, a diameter 1s obtained from particle size mea-
surement by laser diffraction (JISZ8823-1), and 1s a value
obtained by measuring an average of long axis—short axis of
particles (considered to be 1n a spherical form) 1n the method
using laser diffraction. Moreover, when the above cellulose
particles and hemicellulose particles aggregate to be a mass,
a diameter of the mass 1s preferably 0.5 um to 2 mm from the
perspectives of handleability and dispersibility.

In the elastomer composition of the invention, the above
residuum pretferably comprises the above short fibers, and the
short fibers preferably comprise at least one of cellulose short
fibers and hemicellulose short fibers. It 1s because since cel-
lulose or hemicellulose fibers can also act as fiber reinforcing
materials of the elastomer composition, they are suitable as
alternative materials. Moreover, a diameter of the above short
fibers 1s preferably 1 um to 150 um, and a length of the above
short fibers 1s preferably 0.3 mm to 5 mm. It 1s because the
dispersibility 1s poor with a large diameter and a long length,
and the reinforcing effect 1s low with a small diameter and a
short length. Furthermore, the above short fibers are prefer-
ably 1n bundles of 2 to 10 aggregating fibers. It 1s because
although the reinforcing effect increases by being in bundles,
the dispersibility deteriorates with too many numbers of
agoregating fibers.

In the elastomer composition of the invention, the above
residuum preferably contains at least one of cellulose par-
ticles and hemicellulose particles as a main component of the
above plant cell walls, and short fibers of the above plant cell
walls 1n chains. It 1s because 1n the case of containing both of
particles and short fibers, the particles attach to the short
fibers, then a fine unevenness 1s formed on surfaces of the
short fibers and the like by the attached particles, and the
physical bonding to an elastomer component 1s strengthened.
In addition, ones with an aspect ratio of 1 to 5 are referred to
as particles and ones with 6 to 50 as short fibers herein.

In the elastomer composition of the invention, the above
fermentative treatment 1s preferably a treatment using at least
one of aspergillus and yeast, and the above cellulose particles
and hemicellulose particles preferably have cell walls of at
least one of aspergillus and yeast attached. Moreover, 1n the
clastomer composition of the invention, the above fermenta-
tive treatment 1s preferably a treatment using at least one of
aspergillus and yeast, and the above short fibers preferably
have cell walls of at least one of aspergillus and vyeast
attached. It 1s because when cell walls of at least one of
aspergillus and yeast are attached as above, a fine unevenness
1s formed on surfaces of the short fibers and the like by the
attached aspergillus and yeast and the physical bonding to an
clastomer component 1s strengthened.

In the elastomer composition of the imnvention, the amount
of the above residuum contained 1s preferably 1 to S0 parts by
mass based on 100 parts by mass of the above elastomer
component. It 1s because by making the amount of residuum
contained not less than 1 part by mass, 1t 1s possible to provide
an elastomer composition capable of suificiently accomplish-
ing reduction in environmental load, which 1s a purpose of the
invention. Moreover, 1t 1s because by making the amount of
residuum contained not more than 50 parts by mass, 1t 1s
possible to provide an elastomer composition having a per-
formance equivalent to an elastomer composition using no
alternative raw material.

Also, a tire of the invention 1s characterized in that the
above elastomer composition constitutes at least one part
thereof. By constituting a part, which has been constituted
with only an elastomer composition such as a rubber compo-
sition 1n conventional tires, with an elastomer composition
containing residuum generated 1n a fermentative treatment of
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an organic matter, it 1s possible to reduce the usage of an
clastomer component to thereby reduce environmental load
while maintaining performance as a tire.

According to the invention, it 1s possible to provide an
clastomer composition, which can be produced at low cost
without using any complicated production process and 1s
environmentally friendly. Also, 1t 1s possible to provide a tire
with low environmental load in production using the elas-
tomer composition.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross section view showing an example of a tire
of the invention.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

<Elastomer Composition>

Below, the elastomer composition of the mvention will be
described in detail. The elastomer composition according to
the invention 1s characterized 1n that by containing residuum
generated 1n a fermentative treatment of an organic matter 1n
an elastomer component and kneading, the usage amount of
the elastomer component 1s reduced.

Here, the elastomer component comprises a rubber com-
ponent (natural rubber, synthetic rubber), thermoplastic elas-
tomer, thermoset elastomer, or a combination thereol, and the
synthetic rubber specifically includes styrene-butadiene
copolymer rubber (SBR), polybutadiene rubber (BR), poly-
1soprene rubber (IR ), acrylonitrile-butadiene copolymer rub-
ber (NBR), chloroprene rubber (CR), butyl rubber (I1IR), etc.
Also, the thermoplastic elastomer includes ethylene-methyl
acrylate copolymer, styrene based elastomer, urethane based
clastomer, polyolefin based elastomer, etc., and the thermoset
clastomer 1ncludes phenol based elastomer, urea based elas-
tomer, melamine based elastomer, epoxy based elastomer,
etc. In addition, the elastomer composition of the invention
may arbitrarily contain a reinforcing filler such as carbon
black and silica, a softening agent such as aroma oil, an
additive agent commonly added such as a vulcanization
accelerator, an auxiliary vulcanmization accelerator, an anti-
oxidant agent, efc.

The organic matter to be subjected to a fermentative treat-
ment includes biomass as regenerable organic resources of
biological origin including, for example, waste biomass such
as paper, livestock excrement, leftover food, distilled spirit
residue (e.g., sweet potato distilled spint residue, rice dis-
tilled spirit residue, barley distilled spirit residue), construc-
tion waste wood, black liquor and excess sludge (e.g., sewage
sludge, night so1l sludge, methane fermented sludge), unused
biomass such as rice straw, straw, rice husks and logging
residue (e.g., thinned wood, damaged trees), resource crop
biomass such as feed crops, fruits (e.g., grapes, apples, cher-
ries, palm fruits), grain (e.g., rice, wheat, corn), root veg-
ctables (e.g., potatoes, sweet potatoes) and starch crops (e.g.,
sugarcane ), and encystment of urochordates such as ascidian.
By using such biomass, 1t 1s possible to further reduce envi-
ronmental load 1n producing an elastomer composition. In
addition, 1t 1s preferable to use waste biomass as an organic
matter from the perspectives of effective use of resources and
reduction 1 environmental load.

Additionally, among the above organic matters, the organic
matter containing at least one of plant cell walls and short
fibers of the plant cell walls in chains includes resource crop
biomass such as fruits, grain, root vegetables and sugarcane,
and encystment of urochorodates, for example ascidian, as
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well as waste biomass such as sweet potato distilled spirit
residue, rice distilled spirit residue and barley distilled spirit
residue, unused biomass such as rice straw and straw. More-
over, the organic matter containing at least one of plant cell
walls and short fibers of the plant cell walls 1n chains 1s,
among the above, preferably sweet potato distilled spirit resi-
due, rice distilled spinit residue and barley distilled spirit
residue from the perspectives of availability and reusability as
resources. Also, sweet potato distilled spirit residue, rice dis-
tilled spirit residue and barley distilled spirit residue are pret-
erable 1 point that cellulose short fibers and the like 1n the
residues are sufficiently fine, since raw materials are ground

in the process of producing distilled spirits (e.g., ground
sweet potatoes are added at the second fermentation step 1n
the production of sweet potato distilled spirits).

Also, when residuum generated 1n a fermentative treatment
of excess sludge such as sewage sludge, sludge of treated
livestock waste, sludge of treated raw garbage and food/
beverage waste, or sludge of aerobically or anaerobically
treated discharged water including washing water discharged
from brewing companies as an organic matter 1s used, the
excess sludge to be subjected to the fermentative treatment 1s
preferably one not containing any iron based aggregating
agent, for example sludge using an aluminum compound as
an aggregating agent from the perspectives of weight saving
of an elastomer composition and prevention of a bad influ-
ence on an elastomer composition due to metal inclusion, and
for example excess sludge not containing any aggregating
agent, for example granules and the like self-granulated by
microbes, 15 more preferable.

Here, as a method for conducting a fermentative treatment
of an organic matter, the fermentative treatment using anaero-
bic microbes 1ncludes for example methane fermentation
using methane production microorganisms, ethanol fermen-
tation using an ethanol fermentation microorganisms, hydro-
gen fermentation using hydrogen production microorgan-
isms, and the like, and the fermentative treatment using
aerobic microbes includes for example acetate fermentation
using acetate formation microorganisms, a wastewater treat-
ment using various oxidative bacteria such as ammonium
oxidizing bacteria, and the like.

Also, the residuum to contain in an elastomer component
includes, for example, excess sludge generated 1n conducting
biological treatment (fermentation) of an organic matter
under aerobic or anaerobic condition (which has not been
degraded 1n a fermentative treatment), residue after a fermen-
tative treatment such as various distilled spirit residues, and
the like. Here, when excess sludge 1s used as residuum, from
the perspectives of weight saving of an elastomer composi-
tion and prevention of a bad influence on an elastomer com-
position due to metal inclusion, sludge not containing any
iron based aggregating agent, for example sludge using an
aluminum compound as an aggregating agent 1s preferable,
and sludge not containing any aggregating agent 1S more
preferable. In addition, as residuum, residue as remaining
grounds after filtration may be used.

Additionally, residuum can be contained in an elastomer
component after removing hydrogen sulfide by using smoke
treatment or carbonization treatment for example. Here,
smoke treatment means smoking residuum with smoke gen-
erated 1n heating wood, and carbomization treatment means
carbonizing residuum at a high temperature about 800° C. By
conducting smoke treatment or carbonization treatment, 1t 1s
possible to contain residuum 1n a desulturized (deodorized)
and sterilized state of being easy to handle 1n an elastomer
component.
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Other examples of residuum capable of being contained in
the elastomer composition of the invention include residuum
generated 1n a fermentative treatment of an organic matter
using fermentation microorganisms, and containing cell
walls of the fermentation microorganisms, and residuum gen-
crated 1n a fermentative treatment ol an organic matter con-
taining at least one of plant cell walls and short fibers of the
plant cell walls 1n chains, and containing at least one of the
plant cell walls and short fibers. More specifically, residuum
containing peptideglycan contained in cell walls of fermen-
tation microorganisms and the like, cellulose particles, hemi-
cellulose particles and lignin contained 1n plant cell walls,
short fibers of plant cell walls 1n chains (cellulose short fibers,
hemicellulose short fibers, etc.), or a mixture thereof 1s
included. In addition, residuum preterably contains at least
one of cellulose particles and hemicellulose particles as
simple substances. Moreover, it 1s Turther preferable to con-
tain both at least one of cellulose particles and hemicellulose
particles, and short fibers. It 1s because since by containing at
least one of cellulose particles and hemicellulose particles as
simple substances 1n an elastomer composition, cellulose par-
ticles and hemicellulose particles can act as micro drainages,
when the elastomer composition 1s used 1n winter tires for
example, the performance of winter tires (on-ice perfor-
mance, etc.) can be improved. Also, 1t 1s because by contain-
ing both particles and short fibers, when the elastomer com-
position 1s used 1n winter tires for example, 1t 1s possible to
have the effect of absorbing moisture. Furthermore, residuum
preferably contains peptideglycan, at least one of cellulose
particles and hemicellulose particles, and at least one of cel-
lulose short fibers and hemicellulose short fibers. It 1s because
by containing peptideglycan, particles and short fibers, when
the elastomer composition 1s used in winter tires for example,
it 1s possible to have the eflect of absorbing moisture. For
reference, cellulose particles and hemicellulose particles and
cellulose short fibers and hemicellulose short fibers can be
1solated by washing away particles, for example, from a mix-
ture thereof.

Here, cellulose particles and hemicellulose particles pret-
erably have cell walls of at least one of aspergillus and yeast
attached. Moreover, short fibers also preferably have cell
walls of at least one of aspergillus and yeast attached. It 1s
because when cell walls of at least one of aspergillus and yeast
are attached as above, a fine unevenness 1s formed on surfaces
of the short fibers and the like by the attached aspergillus and
yeast and the physical bonding to an elastomer component 1s
strengthened.

In addition, cellulose particles and hemicellulose particles
are main components of plant cell walls, and have an aspect
ratio of 1 to 5. Also, cellulose short fibers and hemicellulose
short fibers are plant cell walls in chains, and have an aspect
ratio of 6 to 50.

Here, a diameter of residuum to contain in an elastomer
component 1s preferably 0.02 um to 200 um from the perspec-
tives of handleability and dispersibility. It 1s because an
operation of fracturing cell walls by using a grinder mill 1s
required so as to make a diameter of residuum less than 0.02
um and also fine residuum 1s difficult to handle. Moreover, 1t
1s because when the diameter 1s more than 200 um, the dis-
persibility 1n an elastomer component deteriorates, resulting
in extraneous materials, which lead deterioration 1n physical
property such as breaking elongation. In addition, a diameter
of residuum generated in a fermentative treatment of an
organic matter using fermentation microorganisms, and con-
taining cell walls of the fermentation microorganisms 1s pret-
erably 0.02 um to 50 um, and a diameter of cellulose particles
and hemicellulose particles 1s preferably 0.02 um to 50 um.
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Also, when residuum aggregates to be a mass, the mass size 1s
preferably 0.5 um to 2 mm. It 1s because when the mass size
1s more than 2 mm, the dispersibility 1n an elastomer compo-
nent 1s poor. Moreover, a diameter of short fibers 1s preferably
1 um to 150 um, and a length of short fibers 1s preferably 0.3
mm to 5 mm. It 15 because the dispersibility 1s poor with a
large diameter and a long length, and the reinforcing effect to
an elastomer composition and the drainage effect of an elas-
tomer composition are low with a small diameter and a short
length. Furthermore, short fibers are preferably in bundles of
2 to 10 aggregating fibers. It 1s because although the reinforc-
ing eltect to an elastomer composition and the drainage effect
of an elastomer composition increase by being 1n bundles, the
dispersibility deteriorates with too many numbers of aggre-
gating fibers.

The elastomer composition of the mnvention 1s not particu-
larly limited except that containing residuum generated 1n a
fermentative treatment of an organic matter 1n an elastomer
component, and can be produced as follows, for example. In
addition, a method of preparing the elastomer composition of
the invention is not particularly limited, and can be prepared
by kneading residuum and various compounding agents arbi-
trarily selected according to the need in an elastomer compo-
nent by using the Banbury mixer, roll and the like, for
example.

Also, the amount of residuum contained 1s preferably 1 to
50 parts by mass, more preferably 5 to 20 parts by mass based
on 100 parts by mass of an elastomer component. It 1s because
by making the amount of residuum contained not less than 1
part by mass, 1t 1s possible to sufficiently accomplish a reduc-
tion 1n environmental load, and by making the amount of
residuum contained not more than 50 parts by mass, 1t 1s
possible to provide an elastomer composition having a per-
formance equivalent to an elastomer composition using no
alternative raw material.
<Elastomer Composition Preparation Example 1>

First, residuum remaining after methane fermentation of
leftover food 1s subjected to smoke treatment at a temperature
o1 800° C. for example, so as to sterilize fungus bodies as well

as removing hydrogen sulfide 1n the residuum.

Next, the residuum after smoke treatment 1s contained in an
clastomer component with an arbitrary filler (carbon black,
etc.) and additive agent, and kneaded.
<Elastomer Composition Preparation Example 2>

First, residuum remaining after methane fermentation of
leftover food 1s subjected to carbonization treatment at a
temperature of 800° C. for example, so as to sterilize fungus
bodies as well as removing hydrogen sulfide 1n the residuum.

Next, the residuum after carbonization treatment 1s con-
tamned m an elastomer component with an arbitrary filler
(carbon black, etc.) and additive agent, and kneaded.
<Elastomer Composition Preparation Example 3>

First, restduum 1s dried, and cellulose particles or hemicel-
lulose particles, or cellulose short fibers or hemicellulose
short fibers are extracted from the dried residuum by the
above method according to the need.

Next, the dried residuum, cellulose particles or hemicellu-
lose particles, or cellulose short fibers or hemicellulose short
fibers are contained 1n an elastomer component with an arbi-
trary filler (carbon black, etc.) and additive agent, and

kneaded.

<T1re>

The tire of the invention 1s characterized in that the above
clastomer composition constitutes at least one part thereof. It
can be produced by using the same production method as
normal tires except for the above.
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Next, the tire of the invention will be described 1n detail
with reference to the drawing. FIG. 1 1s a cross section view
showing an example of the tire of the mvention. The tire
shown 1n FIG. 1 comprises a pair of bead portions 1, a pair of
side wall portions 2, a tread portion 3 continuing into both the
side wall portions 2, a carcass 4 extending toroidally between
the above pair of bead portions 1 and reinforcing each of the
portions 1, 2 and 3, and a belt 5 located outside of a crown
portion of the carcass 4 1n a radial direction.

In the tire shown, the carcass 4 comprises one carcass ply,
and also comprises a main body portion extending toroidally
between a pair of bead cores (wires) 6 each arranged within
the above bead portions 1, and turned end portions rolled up
from the mside towards the outside 1n a tire width direction
outwardly 1n a radial direction around each of the bead cores
6. In addition, although the carcass 4 shown comprises one
carcass ply, the number of carcass plies may be plural 1n the
tire of the invention.

Also, 1n the tire shown, although the belt 5 comprises two
belt layers, the number of belt layers constituting the belt 1s
not limited to this and may be one or more in the tire of the
invention. Moreover, the tire of the invention may comprise a
belt reinforcing layer comprising a rubberized layer of cords
arrayed substantially parallel to a tire circumierential direc-
tion provided outside the belt 5 1n a tire radial direction, and
can further comprise interlayer rubber between end portions
of the belt 5 and the belt reinforcing layer.

Moreover, the tire shown 1s characterized 1n that an elas-
tomer composition containing the above cellulose short fibers
1s used at least 1n the tread portion 3. By using an elastomer
composition containing cellulose short fibers 1n the tread
portion 3, 1t 1s possible to provide a tire capable of improving,
running stability, wet performance, and snow and 1ce perior-
mance with interaction between cellulose short fibers and
road surfaces.

In addition, members using the above elastomer composi-
tion include side rubber, bead fillers or stiffeners located

outside of bead wires 1n a radial direction, coating rubber for
carcasses and belts, and the like, other than tread rubber.

Also, as gas to {1l up the tire of the invention, normal air or
air with adjusted partial pressure of oxygen as well as 1nert
gas such as nitrogen, argon and helium can be used.

EXAMPLES

Although the mmvention will be described in more detail
with examples below, the ivention 1s not limited to the fol-
lowing examples at all.

Examples 1-3

Rubber compositions as elastomer compositions were pre-
pared based on the compounding formulation shown in Table
1 by using the Banbury mixer, a known vulcanizing agent and
the like (sulfur: 1.5 parts by mass, a vulcanization accelerator:
2.9 parts by mass [CZ (N-cyclohexyl-2-benzothiazole sulfe-
namide): 1.5 parts by mass, DPG (diphenyl guanidine): 1.2
parts by mass, DM (dibenzothiazyl disulfide): 0.2 parts by
mass], ZnQO: 2.0 parts by mass, stearic acid: 1.0 parts by mass,
an antioxidant agent 6C: 1.0 parts by mass, based on 100 parts
by mass of a rubber component) were contained and vulca-
nized by the normal method, and then the performances were
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10

measured and evaluated by the following method. The results
are shown 1n Tables 2 to 4. In addition, “smoked residuum

content rate in rubber composition™ in Table 1 was calculated
based on the following formula:

smoked residuum content rate=amount of smoked
residuum contained/(amount of rubber compo-
nent contained+amount of carbon black con-

tained+amount of smoked residuum contained)x
100

and a component contained 1n a small amount (e.g., a vulca-
nizing agent etc.) was 1gnored.

Conventional Example 1

A rubber composition as an elastomer composition was
prepared based on the compounding formulation shown in
Table 1 by using the Banbury mixer, a known vulcanizing

agent and the like (sulfur: 1.5 parts by mass, a vulcanization
accelerator: 2.9 parts by mass [CZ: 1.5 parts by mass, DPG:
1.2 parts by mass, DM: 0.2 parts by mass]|, ZnO: 2.0 parts by
mass, stearic acid: 1.0 parts by mass, an antioxidant agent 6C:

1.0 parts by mass, based on 100 parts by mass of a rubber
component) were contained and vulcanized by the normal
method, and then the performance was measured and evalu-
ated by the following method. The result 1s shown 1n Tables 2
to 4.

<Evaluation>

(S-S Curve)

The tensile stress and the breaking elongation of vulca-
nized rubber obtained by vulcanizing the rubber composi-

tions prepared in Examples 1 to 3 and Conventional Example
1 at 160° C. for 15 minutes were measured for both the
orientation direction and the vertical direction, and the tensile
stress-strain curve (S-S Curve) was prepared. More speciil-
cally, the tensile stress was measured under conditions of a
temperature at —45 to 62° C. and a frequency at 52.1 Hz by
using a tensile testing machine made by Toyo Seiki Seisaku-
Sho Co., Ltd., and the breaking elongation was measured
under conditions of a temperature at 25° C. and a tensile rate

at 100 mm/min by using a strograph made by Toyo Seiki

Seisaku-Sho Co., Ltd. The relationship between elongation

and stress, the tensile breaking strength (1 ;) and the breaking
elongation (E ;) are shown in Table 2. In addition, the orien-
tation direction refers to the orientation direction of the

smoked residuum, and the vertical direction refers to the
direction vertical to the orientation direction here.

(Dynamic Modulus and Loss Tangent)

The dynamic modulus (E') and the loss tangent (tan o) of
vulcanized rubber obtained by vulcanizing the rubber com-
positions prepared mm Examples 1 to 3 and Conventional
Example 1 at 160° C. for 15 minutes were measured under
conditions of a temperature at 25° C., a frequency at 52.1 Hz,
a strain at 0.09 to 5% for both the orientation direction and the
vertical direction by using a viscoelasticity measuring instru-
ment made by Ueshima Seisakusho Co., Ltd. The dynamic
modulus (E') and the loss modulus (E") are shown 1n Table 3,
and the loss tangent (tan 0) 1s shown 1n Table 4.
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TABLE 1
Conventional
Example 1 Example1l Example2 Example 3
Rubber Component *1 Parts by mass 137.5 137.5 137.5 137.5
Carbon Black *2 Parts by mass 60 60 60 60
Smoked Residuum *3 Parts by mass 0 1 3 9
Smoked Residuum Content Rate in - mass %o 0 0.5 1.5 4.4
Rubber Composition
*1 Emulsion polymerized SBR, o1l extended with 37.5 parts by mass of aroma o1l based on 100 parts by mass of a rubber
component
*2 Made by Asahi Carbon Co., Ltd., N110
*3 Sludge (with a diameter of 0.5-200 um) containing methane fermentation microorganisms (with peptidoglycan content rate
of 90%), having been subjected to smoke carbonization treatment (at a treatment temperature of 8007 )
TABLE 2
Convention Example 1 Example 1 Example 2 Example 3
Orientation Vertical Orientation Vertical Orientation Vertical Orientation Vertical
Direction Direction Direction Direction Direction Direction Direction Direction
Elongation Stress Stress Stress Stress Stress Stress Stress Stress
[90] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa]
0 0 0 0 0 0 0 0 0
25 1.02 1 0.96 0.92 0.94 0.92 0.9% 0.88
100 2.98 2.56 2.72 2.48 2.66 2.56 2.7 24
150 4.46 3.98 4.2 3.8 4,12 3.86 4.16 3.72
300 10.76 9.68 10.48 942 10.22 9.72 10.68 9.3%
500 — 20.16 — 19.84 — 20.26 21.58 19.92
Tp 20.8 21 21.2 21 21 20.8 21.8 21.8
[MPa]
Ex 489.2 514.5 49%.1 524.8 498%.1 511.7 507 531.8
[%o]
TABLE 3
Conventional Example 1 Example 1
Orientation Vertical Orientation Vertical
Direction Direction Direction Direction
Elongation E' E" E' E" E' E" E' E"
[90] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa]
0.09 23.6 4.62 21.6 4.20 20.9 4.10 21.8 4.39
0.49 17.3 5.16 15.9 4.67 15.1 4.60 15.8 4,77
1 12.8 4.65 12.0 4.29 11.1 4.14 11.6 4.34
3 7.45 2.95 7.21 2.82 6.46 2.56 6.84 2.73
5 5.09 1.79 492 1.75 4.37 1.5% 4.71 1.69
Example 2 Example 3
Orientation Vertical Orientation Vertical
Direction Direction Direction Direction
Elongation E' E" E' E" E' E" E' E"
[%0] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa]
0.09 22.9 4.42 21.2 4.23 23.0 4.43 22.4 4.55
0.49 16.1 478 154 4.62 16.3 492 16.0 498
1 11.7 4.33 11.4 4.21 11.8 4.42 11.7 4.43
3 6.75 2.65 6.69 2.63 6.80 2.65 6.94 2.779
5 4.59 1.66 4.61 1.62 4.67 1.66 4,72 1.70
TABLE 4
Convention Example 1 Example 1 Example 2 Example 3
Orientation Vertical Orientation Vertical Orientation Vertical Orientation Vertical
Direction Direction Direction Direction Direction Direction Direction Direction
Elongation tan O tan O tan O tan o tan O tan O tan O tan O
[0] [—] [—] [—] [—] [—] [—] [—] [—]
0.09 0.20 0.19 0.20 0.20 0.19 0.20 0.19 0.20
0.49 0.30 0.29 0.30 0.30 0.30 0.30 0.30 0.31
1 0.36 0.36 0.37 0.37 0.37 0.37 0.37 0.38
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TABLE 4-continued
Convention Example 1 Example 1 Example 2 Example 3
Orientation Vertical Orientation Vertical Orientation Vertical Orientation Vertical
Direction Direction Direction Direction Direction Direction Direction Direction

Elongation tan O tan O tan O tan O tan O tan O tan O tan O
[%%0] [—] [—] [—] [—] [—] [—] [—] [—]
3 0.40 0.39 0.40 0.40 0.39 0.39 0.39 0.40
5 0.35 0.36 0.36 0.36 0.36 0.35 0.35 0.36

From Examples 1 to 3 and Conventional Example 1 of
Tables 2 to 4, 1t 1s clear that rubber compositions as elastomer
compositions containing 0.5 to 4.4 mass % ol the smoked
residuum have an S-S curve, a dynamic modulus and a loss
tangent equivalent to a rubber composition not containing the
smoked residuum. Thus, 1t 1s clear that by containing the
smoked residuum, 1t 1s possible to restrain the usage of an
clastomer component without deteriorating the performance
ol an elastomer composition.

Conventional Example 2

A sample for tensile test was prepared by extruding pellets
of olefin based thermoplastic elastomer (made by Mitsui
Chemicals, Milastomer 4400B). The breaking stress of the
prepared sample was measured by a tensile testing machine
made by Toyo Seiki Seisaku-Sho Co., Ltd.

Examples 4-10

The same smoked residuum as used in Examples 1 to 3 was
contained 1n olefin based thermoplastic elastomer (made by
Mitsu1 Chemicals, Milastomer 4400B) based on the com-
pounding amount shown in Table 5 to make pellets. Then, the
pellets were extruded to prepare samples for atensile test. The
breaking stress of the prepared samples was measured by a
tensile testing machine made by Toyo Seiki Seisaku-Sho Co.,
[td., and the obtained values were evaluated as indexes based
on the breaking stress of Conventional Example 2 as 100%.
The results are shown in Table 5. The amount of the smoked
residuum contained was calculated 1n reference to the above
tormula for computation of “smoked residuum content rate 1n
rubber composition”.

TABLE 35
Smoked Residuum *3 Index of Breaking Stress

|mass %] |9%]
Conventional 0 100
Example 2
Example 4 3 99
Example 5 S 99
Example 6 10 97
Example 7 20 94
Example 8 30 90
Example 9 50 85
Example 10 60 70

From Examples 4 to 10 and Conventional Example 2 of
Table 3, it has become clear that 1t 1s possible to maintain 70%
or more of the breaking stress of the elastomer composition of
Conventional Example 2 not containing the smoked
residuum, even when the smoked residuum as residuum gen-
erated 1n a fermentative treatment of biomass 1s contained 1n
resin. Also, from Examples 4 to 9 and 10, 1t has become clear
that it 1s possible to maintain breaking stress at 85% or more
of the breaking stress of the elastomer composition of Con-
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ventional Example 2 when the amount of the smoked
residuum contained 1s not more than 50 mass %.

Examples 11-13

Rubber compositions containing sweet potato distilled
spirit residue were prepared based on the compounding for-
mulation shown in Table 6 by using the Banbury mixer, a

known vulcanizing agent and the like (sulfur: 1.5 parts by

mass, a vulcanization accelerator: 2.9 parts by mass [CZ: 1.5
parts by mass, DPG: 1.2 parts by mass, DM: 0.2 parts by
mass], ZnQO: 2.0 parts by mass, stearic acid: 1.0 parts by mass,
an antioxidant agent 6C: 1.0 parts by mass, based on 100 parts

by mass of a rubber component) were contained and vulca-
nized by the normal method, and then on-1ce u was measured
and evaluated by the following method. The results are shown
in Table 6. In addition, “content rate of sweet potato distilled
spirit residue 1n rubber composition™ 1n Table 6 was calcu-
lated by using a formula changing “amount of smoked

residuum contained” mto “amount of sweet potato distilled
spirit residue contained™ 1n the above formula for computa-
tion of “smoked residuum content rate 1 rubber composi-
tion”.

Conventional Example 3

A rubber composition containing no sweet potato distilled

il

spirit residue was prepared based on the compounding for-

mulation shown in Table 6 by using the Banbury mixer, a
known vulcanizing agent and the like (sulfur: 1.5 parts by

mass, a vulcanization accelerator: 2.9 parts by mass [CZ: 1.5
parts by mass, DPG: 1.2 parts by mass, DM: 0.2 parts by
mass], ZnQO: 2.0 parts by mass, stearic acid: 1.0 parts by mass,
an antioxidant agent 6C: 1.0 parts by mass, based on 100 parts

by mass of a rubber component) were contained and vulca-
nized by the normal method, and then on-1ce u was measured
and evaluated by the following method. The result 1s shown 1n

Table 6.
(On-Ice n)

The frictional force of vulcanized rubber obtained by vul-
canizing the rubber compositions prepared in Examples 11 to
13 and Conventional Example 3 at 145° C. for 33 minutes was
measured on an icy road at a temperature of 0° C. by using a
road surface friction testing machine (disclosed in JP-U-HS5-
066545), and represented as indexes based on the value of
Conventional Example 3 as 100. The larger figure 1s evaluated
to be better 1n braking performance.
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TABLE 6
Conventional
Example 3  Example 11
Rubber Component *4 parts by mass 137.5 137.5
Carbon Black *3 parts by mass 60 60
Sweet Potato Distilled Spirit parts by mass 0 2
Residue *6
Content Rate of Sweet Potato mass %o 0 1.0
Distilled Spirit Residue in Rubber
Composition
Content Rate of Sweet Potato mass %o 0 0.5
Distilled Spirit Residue (Solid
Content) in Rubber Composition
On-ice p Index (0° C.) 100 100.5

16

Example 12 Example 13
137.5 137.5
60 60
6 18
2.9 8.4
1.5 4.2
102 104

*4 Emulsion polymerized SBR, o1l extended with 37.5 parts by mass of aroma o1l based on 100 parts by mass of a rubber component

*5 Made by Asahi Carbon Co., Ltd., N110

*6 Residue of a sweet potato distilled spirit produced by conducting a fermentative treatment at a ratio of sweet potato malt:rice malt =
4.1, with a moisture content of 50%, a composition of solid content in residue of sweet potato short fibers:sweet potato cell walls = 1:4

From Examples 11 to 13 and Conventional Example 3 in
Table 6, 1t has become clear that by containing sweet potato
distilled spirit residue 1n a rubber composition, on-i1ce 1 can
be slightly improved.

The mvention claimed 1s:

1. An elastomer composition containing residuum gener-
ated 1 a fermentative treatment of an organic matter i an
clastomer component,

wherein the residuum is residuum generated 1n a fermen-

tative treatment of an organic matter using fermentation
microorganisms, and containing cell walls of the fer-
mentation microorganisms,

wherein the residuum 1s residuum generated 1n a fermen-

tative treatment of an organic matter containing at least
one of plant cell walls and short fibers of the plant cell
walls 1n chains, and containing at least one of the plant
cell walls and short fibers, and

wherein the fermentative treatment 1s a treatment using at

least one of aspergillus and yeast, and the short fibers
have cell walls of at least one of aspergillus and yeast
attached.

2. An elastomer composition according to claim 1, wherein
the organic matter 1s biomass.

3. An elastomer composition according to claim 1, wherein
the fermentative treatment 1s an anaerobic fermentative treat-
ment using anaerobic microbes, and residuum generated in
the anaerobic fermentative treatment 1s contained after smoke
treatment.

4. An elastomer composition according to claim 1, wherein
the fermentative treatment 1s an aerobic fermentative treat-
ment using acrobic microbes.

5. An elastomer composition according to claim 3, wherein
the anaerobic fermentative treatment 1s a methane fermenta-
tive treatment, an ethanol fermentative treatment or a hydro-
gen fermentative treatment, or a combination thereof.

6. An elastomer composition according to claim 1, wherein
a main component of the residuum 1s peptidoglycan.

7. An elastomer composition according to claim 1, wherein
the residduum comprises at least one of cellulose particles and
hemicellulose particles as a main component of the plant cell
walls.

8. An elastomer composition according to claim 1, wherein
the residuum comprises the short fibers, and the short fibers
comprises at least one of cellulose short fibers and hemicel-
lulose short fibers.

9. An elastomer composition according to claim 1, wherein
the residuum contains at least one of cellulose particles and
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hemicellulose particles as a main component of the plant cell
walls, and short fibers of the plant cell walls in chains.

10. An elastomer composition according to claim 7,
wherein the fermentative treatment 1s a treatment using at
least one of aspergillus and yeast, and the cellulose particles
and hemicellulose particles have cell walls of at least one of
aspergillus and yeast attached.

11. An elastomer composition according to claim 1,
wherein an amount of the residuum contained 1s 1 to 50 parts
by mass based on 100 parts by mass of the elastomer compo-
nent.

12. A tire having at least one part constituted with an
clastomer composition according to claim 1.

13. An elastomer composition containing residuum gener-
ated 1n a fermentative treatment of an organic matter 1n an
clastomer component,

wherein the residuum 1s residuum generated 1n a fermen-

tative treatment of an organic matter using fermentation
microorgamisms, and containing cell walls of the fer-
mentation microorganisms,

wherein the residuum comprises at least one of cellulose

particles and hemicellulose particles as a main compo-
nent of the plant cell walls, and

wherein the fermentative treatment 1s a treatment using at

least one of aspergillus and yeast, and the cellulose par-
ticles and hemicellulose particles have cell walls of at
least one of aspergillus and yeast attached.

14. An elastomer composition according to claim 13,
wherein the organic matter 1s biomass.

15. An elastomer composition according to claim 13,
wherein the fermentative treatment 1s an anaerobic fermen-
tative treatment using anaerobic microbes, and residuum gen-

erated 1n the anaerobic fermentative treatment 1s contained
alter smoke treatment.

16. An clastomer composition according to claim 13,
wherein the fermentative treatment 1s an acrobic fermentative
treatment using aerobic microbes.

17. An eclastomer composition according to claim 15,
wherein the anaerobic fermentative treatment 1s a methane
fermentative treatment, an ethanol fermentative treatment or
a hydrogen fermentative treatment, or a combination thereof.

18. An elastomer composition according to claim 13,
wherein a main component of the residuum 1s peptidoglycan.

19. An elastomer composition according to claim 13,
wherein the residuum comprises at least one of cellulose
particles and hemicellulose particles as a main component of
the plant cell walls.
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20. An clastomer composition according to claim 13,
wherein the residuum comprises the short fibers, and the short
fibers comprises at least one of cellulose short fibers and
hemicellulose short fibers.

21. An elastomer composition according to claim 13, 5
wherein the residduum contains at least one of cellulose par-
ticles and hemicellulose particles as a main component of the
plant cell walls, and short fibers of the plant cell walls in
chains.

22. An elastomer composition according to claim 19, 10
wherein the fermentative treatment 1s a treatment using at
least one of aspergillus and yeast, and the cellulose particles
and hemicellulose particles have cell walls of at least one of
aspergillus and yeast attached.

23. An clastomer composition according to claim 13, 15
wherein an amount of the residuum contained 1s 1 to 50 parts
by mass based on 100 parts by mass of the elastomer compo-
nent.

24. A tire having at least one part constituted with an
clastomer composition according to claim 13. 20
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